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PARALLEL RFID SYSTEM USING CDMA

BACKGROUND

[0001] The use of radio frequency identification (RFID)
technology 1s becoming increasingly widespread, and in
some cases the desire to 1increase performance 1s approach-
ing the limits of conversion RFID technology. In particular,
the requirement that each RFID tag be read individually and
serially limits the number of tags that can be read 1n a given
time period. Trying to read larger numbers of RFID tags may
make current systems unreliable when the communication
time 1s limited, for example when the RFID tags are moving,
past the RFID reader (e.g., as on a conveyer belt) or the
RFID reader 1s moving past the RFID tags (e.g., as on a
warchouse 1nventory vehicle). This problem will only get
worse as 1ncreased functionality causes an ever-larger
amount ol information to be transmitted by each RFID tag.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Some embodiments of the invention may be under-
stood by referring to the following description and accom-
panying drawings that are used to illustrate embodiments of
the invention. In the drawings:

10003] FIG. 1 shows a flow diagram of a method per-

formed by an RFID tag, according to an embodiment of the
invention.

10004] FIG. 2 shows a flow diagram of a method per-

tformed by an RFID reader, according to an embodiment of
the 1nvention.

[0005] FIG. 3 shows an RFID system with CDMA capa-
bility, according to an embodiment of the invention.

[0006] FIG. 4 shows an RFID reader and multiple RFID
tags, according to an embodiment of the mmvention.

DETAILED DESCRIPTION

[0007] In the following description, numerous specific
details are set forth. However, 1t 1s understood that embodi-
ments of the invention may be practiced without these
specific details. In other instances, well-known circuits,
structures and techniques have not been shown 1n detail 1n
order not to obscure an understanding of this description.

[0008] References to “one embodiment”, “an embodi-
ment”’, “example embodiment”, “various embodiments”,
etc., indicate that the embodiment(s) of the invention so
described may include particular features, structures, or
characteristics, but not every embodiment necessarily
includes the particular features, structures, or characteristics.
Further, some embodiments may have some, all, or none of
the features described for other embodiments.

[0009] In the following description and claims, the terms
“coupled” and “connected,” along with their derivatives,
may be used. It should be understood that these terms are not
intended as synonyms for each other. Rather, in particular
embodiments, “connected” may be used to indicate that two
or more elements are in direct physical or electrical contact
with each other. “Coupled” may mean that two or more
clements co-operate or interact with each other, but they may
or may not be in direct physical or electrical contact.
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[0010] The term “wireless” may be used to describe
circuits, devices, systems, methods, techniques, communi-
cations channels, etc., that may commumnicate data through
the use of modulated electromagnetic radiation through a
non-solid medium. The term does not imply that the asso-
ciated devices do not contain any wires, although 1n some
embodiments they might not. The term “mobile wireless
device” may be used to describe a wireless device that may
be moved while 1t 1s communicating.

[0011] Within the context of this document, an RFID tag
may be defined as comprising an RFID antenna (to receive
an incoming wireless signal that serves to activate the RFID
tag, and to transmit a wireless response 1n the form of a
modulated radio frequency signal), and an RFID tag circuit
(which may include circuitry to store an identification code
for the RFID tag, circuitry to transmit that code through the
antenna, and 1n some embodiments a power circuit to collect
received energy from the mcoming radio frequency signal
and use some of that energy to power the operations of the
RFID tag circuit). As 1s known 1n the field of RFID tech-
nology, “transmitting” a signal from an RFID tag may
include either: 1) providing suflicient power to the antenna
to generate a signal that radiates out from the antenna, or 2)
reflecting a modulated version of the received signal. Within
the context of this document, an RFID reader may be a
device that wirelessly transmits a signal to the RFID tag to
cause the RFID tag to wirelessly transmit the aforemen-
tioned response, which may be received by the RFID reader

to 1dentity the RFID tag.

[0012] As used herein, unless otherwise specified the use
of the ordinal adjectives “first”, “second”, “third”, etc., to
describe a common object, merely indicate that different
instances of like objects are being referred to, and are not
intended to imply that the objects so described must be 1n a
grven sequence, either temporally, spatially, in ranking, or 1n
any other manner.

[0013] Various embodiments of the invention may be
implemented in one or any combination of hardware, firm-
ware, and software. The invention may also be implemented
as 1structions contained in or on a machine-readable
medium, which may be read and executed by one or more
processors to enable performance of the operations
described herein. A machine-readable medium may include
any mechanism for storing, transmitting, and/or receiving
information 1n a form readable by a machine (e.g., a com-
puter). For example, a machine-readable medium may
include a storage medium, such as but not limited to read
only memory (ROM); random access memory (RAM);
magnetic disk storage media; optical storage media; a flash
memory device, etc. A machine-readable medium may also
include a propagated signal which has been modulated to
encode the instructions, such as but not limited to electro-
magnetic, optical, or acoustical carrier wave signals.

[0014] Various embodiments of the invention may use
code division multiple access (CDMA) technology 1n the
wireless communications from RFID tags to RFID readers,
so that multiple RFID tags may respond to the same RFID
reader at the same time on the same frequency and still be
reliably decoded by the RFID reader. In some embodiments,
the RFID reader first transmits a separate pseudo-noise (PN)
sequence (used for encoding/decoding CDMA communica-
tions) to each RFID tag that 1s permaitted to respond at the
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same time, thus ensuring orthogonality 1n the signals from
the various RFD tags that actually do respond at the same
time. The principals of CDMA communications and the
associated PN sequences 1s known, and 1s not repeated here
to avoid confusing the details of various embodiments of the
invention.

[0015] FIG. 1 shows a flow diagram of a method per-
formed by an RFID tag, according to an embodiment of the
invention. In flow diagram 100, at 110 the RFID tag may
receive an enabling signal. In some embodiments, an
enabling signal may be a signal within a particular frequency
range, and of suflicient strength, to cause the RFID tag to 1)
operate 1ts circuitry, and 2) receirve data encoded 1n the signal
and/or transmit a response. In some embodiments, an
enabling signal may also contain an address or other 1den-
tifier indicating that this RFID tag 1s to respond.

[0016] At 120, the RFID tag may respond by transmitting
its 1denftification number to the RFID reader. In some
embodiments, this may be part of a singulation process 1n
which the RFID reader identifies which RFID tags are
within range and may respond, so that 1t may then address
them individually, or 1n specific groups. At 130, the RFID
tag may receive a transmission containing a PN sequence for
this particular RFID tag to use in a subsequent CDMA-
encoded response to the RFID reader. In some embodiments,
cach tag may receive its PN sequence in an individual
transmission from the RFID reader, while 1n other embodi-
ments a single transmission from the RFID reader may
contain multiple PN sequences, each designated for a dii-
terent RFID tag, with suitable indicators to indicate which
PN sequence 1s to be used by which tag. Although the
transmission received from the RFID reader at 130 contains
a PN sequence for use 1n a CDMA-encoded transmission, 1n
some embodiments the transmission from the RFID reader
may not use CDMA encoding techniques itself.

[0017] At 140, this particular RFID tag may encode its
response to the RFID reader with 1its PN sequence. The
encoding may use any suitable CDMA technique, whether
now existing or yet to be developed. At 150, the RFID tag
may transmit 1ts now-encoded response to the RFID reader.
Although 140 and 150 are shown as sequential operations,
in some embodiments they may be performed partly or
wholly 1n parallel. Any subsequent operations after 150,
either 1n the RFID tag or the RFID reader, may depend on
the particular application and specific circumstances.

10018] FIG. 2 shows a flow diagram of a method per-
tormed by an RFID reader, according to an embodiment of
the mvention. At 210, the RFID reader may select two or
more RFID tags to place into a CDMA group. In some
embodiments, 1dentification of the selected RFID tags may
be based on the hard-coded address 1n each RFID tag, but
other embodiments may use other techniques. The RFID
tags selected for this group will later be prompted to respond
at the same time, or at least partially at the same time, to a
poll from the RFID reader. Various methods of singulation
and/or other techniques may be used to 1dentity which RFID
tags should go into the same group. At 220, a diflerent
CDMA PN sequence may be transmitted to each RFID tag
in the group. In some embodiments, the different PN
sequences may be orthogonal in nature, as that term 1s
commonly used in CDMA technology. In some embodi-
ments, each PN sequence may be sent 1in different transmis-
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sions, while 1n other embodiments a single transmission may
contain multiple PN sequences, each appropriately associ-
ated with a different RFID tag.

[0019] At 230 the RFID reader may receive CDMA-
encoded signals from the various RFID tags in the specified
group. The signals from the different RFID tags may overlap
in time, at least partially, so that during some portions of the
transmissions, the RFID reader may be simultancously
receiving signals from at least two RFID tags. The amount
and timing of such overlap may depend on various things,
such as but not limited to: 1) the relative length of the
response from each RFID tag, 2) the start time of each RFID
transmission, 3) etc. Whether signals are received from all of
the RFID tags 1n the identified group, or just some of them,
may depend various criteria, such as but not limited to: 1)
local conditions which can eflect the strength, or even the
presence, of a signal from a particular RFID tag, 2) orien-
tation of the antenna of each RFID tag, 3) distance of each

RFID tag from the RFID reader, 4) etc.

[0020] Using the PN sequences previously transmitted to
the RFID tags, at 240 the RFID reader may decode the
combined signals recerved through 1ts antenna to produce
the data transmitted from each RFID tag, using CDMA
techniques. For proper operation, the various transmissions
from the various RFID tags may need to be synchronized to
a certain extent. For example, the data bits 1n the transmatted
data may need to be synchronized, 1.e., the currently-
transmitted bit for one RFID tag may need to start and stop
at approximately the same time as the currently-transmaitted
bit for all the other responding RFID tags in the group. This
synchronization may be achieved by the RFID tags 1in
various ways, such as by using a preamble at the start of the
transmission irom the RFID reader as a synchromizing
reference.

10021] FIG. 3 shows an RFID system with CDMA capa-
bility, according to an embodiment of the invention. In the
illustrated embodiment, RFID reader 310 may comprise at
least one processor 315 to control operations of the RFID
reader. In some embodiments, processor(s) 315 may provide
data to, and at least partially control, a transmit chain which
may 1clude a converter/modulator 322 to convert the data
to the proper protocols and modulate the results into a signal
suitable for transmitting. This signal may then be provided
to a radio air interface transmitter 323 including a power
amplifier and an antenna (not shown). The signal may then
be transmitted from the antenna to the surrounding area,
where the signal may be recerved by various RFID tags,
such as tags 331, 332, 333, and 334. When the RFID tags
cach transmit a response, their responses may be received by
the RFID reader through the radio air interface receiver 343,
including an antenna and suitable filters (not shown) to
isolate the desired signals from all the other background
signals that might also be received. The 1solated signals may
then be passed on to a converter/demodulator 342, which
may demodulate the received signals into protocol-format-
ted data which may then be converted into raw data for
processor 315.

[0022] The data initially sent from the RFID reader 315 to
the RFID tags 331-334 may contain various things, such as
addresses or partial addresses to limit the number of RFID
tags that will try to respond. In addition, the data may
include orthogonal PN sequences, each assigned to a par-
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ticular RFID tag, for the assigned tags to use when respond-
ing. In the illustrated example, the four tag addresses 000
through 003 are addressed, with orthogonal PN sequences A,
B, C, and D assigned to the four RFID tags, respectively.
Note: these addresses and sequence letters are merely sym-
bolic 1dentifiers used here for purposes of illustration. In
actual practice, much larger binary numbers might be used
for both. In some embodiments, the RFID reader 310 may
create the PN sequences, and make sure they are orthogonal
to each other. Alternately, 1n systems with a relatively small
number of predicatable tag addresses, the orthogonal PN

sequences may be pre-assigned, or even hard-coded, 1nto the
REID tags.

10023] Because the data was encoded in the RFID tags

using CDMA techniques, when the received encoded data 1s
decoded in the receive chain, the same PN sequences that
were used to encode the data may be used to decode the data
and separate 1t into the individual responses from the indi-
vidual RFID tags. Various decoding techniques may be used
(e.g., a spread spectrum decoder 341 such as a Viterbi
decoder, a block correlator, or a simple de-spreader with a
linear correlator). If the signal-to-noise ratio of the signal
received through the RFID reader’s antenna 1s suflicient,
several individual transmissions from different RFID tags
may be accurately separated and decoded using this tech-
nique. The maximum number that may be simultaneously
handled 1n this manner may depend on various factors. For
example, a limit may be designed 1nto the RFID reader 310
or the associated CDMA implementation, but environmental
factors may provide further limits, such as relative signal
strengths, interference from other wireless devices, the num-
ber of available RFID tags that can be feasibly grouped
together based on address formats, etc. In some embodi-
ments, up to eight RFID tags may be simultaneously handled
in this manner, but other embodiments may be able to handle
tewer or more (e.g., 4, 10’s, 100’s, etc.).

10024] FIG. 4 shows an RFID reader and multiple RFID

tags, according to an embodiment of the mvention. In the
illustrated example, RFID reader 410 may include one or
more RFID antennas 411 through which 1t may transmit
wireless signals to, and receive wireless signals from, vari-
ous RFID tags. RFID reader 410 may be configured with
CDMA decoding capability 1n 1ts receive chain, but may or
may not include CDMA encoding capability 1n 1ts transmit
chain. The illustrated embodiment also shows four RFID
tags, each comprising an RFID tag circuit 420 (or 430 or 440
or 450) coupled to one or more RFID antennas 421 (or 431
or 441 or 451). In some embodiments, the RFID tag circuit
and RFID antenna are manufactured separately and attached
at a later time, but 1n other embodiments the RFID tag circuit
and RFID antenna are manufactured together. Each RFID
tag circuit may be configured with CDMA encoding capa-
bility for its transmission operations, but may or may not
include CDMA decoding capability 1n 1ts receive operations.
One possible reason to have unidirectional CDMA opera-
tions 1s that most RFID operations are limited by the
response bandwidth (communications from tags to reader),
but are relatively unrestricted by the polling bandwidth
(communications from reader to tags), so designing for
CDMA operations in both directions may provide significant
additional cost but little benefit. However, CDMA capability
in both directions may be included in some embodiments.
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[0025] Because identifying RFID tags may provide little
benellt by itself, most RFID tags are intended to be attached
to other objects, and 1dentification of these other objects 1s
the main 1ntent of the system. FIG. 4 shows each RFID tag
circuit attached to an object 425, 435, 445, or 455, respec-
tively. These objects may be any feasible objects, such as but
not limited to retail merchandise, sensor devices, electronic
equipment, documents, shipping packages/crates/boxes, etc.
The association between a particular RFID tag and a par-
ticular object may be made at any point, such as in the RFID
reader, 1n a system (not shown) that communicates directly
or indirectly with the RFID reader, etc.

[10026] The foregoing description is intended to be illus-
trative and not limiting. Vanations will occur to those of skall
in the art. Those variations are intended to be included 1n the
various embodiments of the invention, which are limited
only by the spirit and scope of the following claims.

What 1s claimed 1s:
1. An apparatus, comprising

a radio frequency identification (RFID) tag circuit to
encode data for wireless transmission using a code
division multiple access (CDMA) technique.

2. The apparatus of claim 1, wherein the RFID tag circuit

1s to:

recetve and store a CDMA pseudo-noise (PN) sequence;
and

use the CDMA PN sequence to encode the data to transmut
a response to an RFID reader device.

3. The apparatus of claim 2, wherein the RFID tag 1s to
synchronize the response with timing based on a received
signal.

4. The apparatus of claim 2, further comprising a dipole
antenna coupled to the RFID tag circuit.

5. The apparatus of claim 1, wherein the transmission 1s
to be a modulated reflection of a received signal

6. The apparatus of claim 5, wherein the received signal
1s not to be encoded using the CDMA technique.

7. An apparatus, comprising:

a radio frequency identification (RFID) reader device to
transmit a {irst code division multiple access (CDMA)
pseudo-noise (PN) sequence to a first RFID tag for the
first RFID tag to use 1n transmitting a first response to
the RFID reader device.

8. The apparatus of claim 7, wherein the RFID reader
device 1s further to transmit a second CDMA PN sequence
to a second RFID tag for the second RFID tag to use in
transmitting a second response to the RFID reader device.

9. The apparatus of claim 8, wherein the RFID reader
device 1s further to:

recerve the first and second responses, with the first and
second responses at least partially overlapping 1n time;
and

decode, using a CDMA technique, the first and second
responses 1nto first data from the first RFID tag and
second data from the second RFID tag.

10. The apparatus of claim 8, wherein the transmissions to
the first and second RFID tags are not to use the CDMA
technique.

11. The apparatus of claim 8, further including a dipole
antenna coupled to the RFID reader device.
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12. A method, comprising:

using, 1n a radio frequency indentification (RFID) tag, a
code division multiple access (CDMA) pseudo-noise
(PN) sequence to encode data for transmission; and

transmitting the transmission to an RFID reader.

13. The method of claim 12, further comprising receiving,
by the RFID tag, a wireless signal modulated to contain the
CDMA PN sequence prior to said using, wherein the wire-
less signal 1s not encoded using a CDMA technique.

14. The method of claim 12, further comprising synchro-
nizing the transmission with timing derived from a received
signal.

15. A method, comprising:

receiving a first transmission from a first radio frequency
identification (RFID) tag and a second transmission
from a second radio frequency identification tag, the
second transmission at least partially overlapping the
first transmission 1n time; and

using a code division multiple access (CDMA) technique
to decode the first and second transmissions.
16. The method of claim 13, further comprising;

transmitting, prior to said receiving, a first CDMA
pseudo-noise (PN) sequence to the first RFID tag to be
used to encode data for the first transmission; and

transmitting, prior to said receiving, a second CDMA PN

sequence to the second RFID tag to be used to encode
data for the second transmission.
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17. The method of claim 15, wherein said transmitting the
first and second CDMA PN sequences does not use CDMA
techniques.

18. An article comprising

a tangible machine-readable medium that contains
istructions, which when executed by one or more
processors result in performing operations comprising;:

recerving a first transmaission from a first radio frequency
identification (RFID) tag and a second transmission
from a second radio frequency identification tag; and

using a code division multiple access (CDMA) technique
to decode the first and second transmissions.

19. The article of claim 18, wherein the operations further
comprise:

transmitting, prior to said receiving, a first CDMA

pseudo-noise (PN) sequence to the first RFID tag to be
used to encode data for the first transmission; and

transmitting, prior to said recerving, a second CDMA PN
sequence to the second RFID tag to be used to encode
data for the second transmission.

20. The article of claim 18, wheremn the operations of
receiving the first and second transmissions comprises
receiving the first and second transmissions at least partly at
a same time.
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